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Hydroformylation of alkenes belongs to the most important Scheme 1. Concept of Desymmetrizing Hydroformylation with the
industrially applied processes that rely on homogeneous catalysis. Aid of 0-DPPF as a Planar Chiral Substrate-Bound
o - . Catalyst-Directing Group (CDG*)
A difficult problem is the control of stereochemistry throughout

the course of this reaction. Despite significant advances employing ~ ?PPh ~
asymmetric catalysis with chiral phosphorus ligands, this approach cha = o 2 =oDPPB
is limited to a restricted number of substrate8n alternative (CDG)

o Rh(l) (CDG)
approach makes use of substrate-bound catalyst-directing groups COM, O R !
(CDG), which allow for diastereoselective hydroformylation of A H-% oo RN
chiral substrates (Scheme 1, &§.However, if prochiral substrates ref. 5’ "
were to be employed, the chirality information would have to reside R (CgG*) R R (CBG*) R
in the catalyst-directing group. We herein report on a desymme- W this work L]
trizing hydroformylation of prochiral bisalkenyl-carbinals(n = B n n n=0,1 h
0) and bisallylcarbinol2 (n = 1) employing a new planar chiral 0
catalyst-directing groupofDPPF) (Scheme 1, B). @Z;;i

From previous investigations we know that attachment of the CDG* = g
ortho-diphenylphosphany! group{DPPB) to the alcohol function <
of an allylic or homoallylic alcohol substrate allows for diastereo- (Sp)-0-DPPF or (Rp)

and regioselective hydroformylation due to efficient diastereotopic

L . . Sch 2. Preparation of Bisalkenylcarbinols
alkene face discriminationControl experiments established that cheme P y

the o-DPPB function exhibits the ideal geometry and donor YBF Mg (R =Me, EY
properties to direct a rhodium catalyst efficiently into an allylic R \
and homoallylic position of the corresponding substrate. Hence, it
was envisioned that a planar chiral variant of th®PPB group ) OH
such as thertho-diphenylphosphanylferrocene carbongBPPF) TBF Bl \(M _HCO-Et W
function may allow efficient stereodiscrimination of prochiral g (2 equiv.) g (04-05equiv)
substrates. As particularly attractive substrates, symmetrical bis- 1
alkenylcarbinolsl (n = 0) and bisallylcarbinol® (n = 1) were NHSORAr J
selected since a stereoselective monohydroformylation would set Me N - ) 1a:R< o

; : . o ; n-BuLi (R = i-Pr, t-Bu) a: R =Me (73%)
two stereogenic centers simultaneously to give potentially interesting R (2 equiv.) 1b: R = Et (65%)
chiral building blocks for polyketide synthesis. Stereoselective }gigf;‘_gfu(?;;@))
hydroformylation of these substrates is particularly challenging since ;- 2 4,6-Triisopropylphenyl 1e-R=CH ZTMS"(63%,

diastereotopic alkene group discrimination and diastereotopic alkene

face_ discriminatiqn haye to be man_aged simultanedusly. mined through X-ray crystal structure analysis of aldehgyle
Since symmetrical bisalkenylcarbinols of typare rarely found 5a’ Hence, a good diastereotopic alkene face discrimination

in the literature, we developed simple accesdae-e following concomitant with excellent diastereotopic alkene group discrimina-

the routes depicted in Scheme 2. The bisallylcarbi@else were tion was achieved. As can be seen from entries Idiastereotopic

obtained in a similar fashion upon addition of allyl Grignard or  face discrimination is somewhat influenced by the steric demand

allyl zinc reagent to ethylformiaté. of the 2-substituent at the alkene, which may be due to increased
The subsequent esterification with thetho-diphenylphospha- 1,2-allylic straint®

nylferrocene carboxylic aci¢DPPFAF proved difficult, employ- In the case of bisallylcarbina-DPPF esterd, hydroformylation

ing standard esterification protocols presumably due to severe proceeded at milder conditions (Table 3) to give ané-aldehydes
sterlca] hindrance. Fmalily, g.ood. results were obtained upon 6 in good yield, excellent anti/syn-diastereoselectivity and in
activation of the carboxylic acid with BORand activation of the  enantiomerically pure form. Here again efficient diastereotopic face

alcohol as the sodium or lithium alcoholate (Table 1). discrimination concomitant with excellent diastereotopic group
Subjection of bisalkenylcarbin@-DPPF esters to hydroformy-  discrimination was achieved.
lation conditions (Table 2) furnished tteynaldehydess as the Removal of the substrate-bound catalyst-directiHigPPF group

major product in good to excellent diastereoselectivity and in was achieved through saponification after protection of the alde-
enantiomerically pure form. Thus, of the four possible diastereo- hydes as the dimethylacetal. The alcohbland 8 were obtained
meric monoaldehydesyn5 is formed with high selectivity. The in good yields, and the-DPPFA could be recovered. Alternatively,
configuration of the major diastereomer was unequivocally deter- clean reductive removal of the-DPPF group is achieved upon
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Table 1. Preparation of Bisalkenyl- and Bisallylcarbinol o-DPPF
Esters 3 and 4
3 o DRPFA (o-DEPP)
. O ) R O R
m e AN
n n n n
1:n=0 3: n=0
2:n=1 4: n=1
entry R n  o-DPPFA base product  ee? (%) vyield (%)
1 Me 0 &)- NaH 3a >99 68
2 Et 0 &)- NaH 3b >99 70
3 i-Pr 0 &)- NaH 3c >99 65
4 t-Bu 0 S)- t-BuLi 3d >99 75
5 CH,TMS 0 S)- t-BulLi 3e >99 80
6 Me 1 Ro)- NaH 4a  >99 61
7 Et 1 Ro)- NaH 4b >99 85
8 i-Pr 1 Ro)- NaH 4c >99 93
9 Ph 1 R)- NaH 4d  ncP 69
10 CHOTBS 1 Ry)- NaH 4e >99 83

aDetermined by HPLCP Not determined.
Table 2. Desymmetrizing Hydroformylation of Bisalkenylcarbinol
o0-DPPF Esters 3

1.8 mol% [Rh(CO),acac]
Ol(Sp)-0-DPPF] 7.2 mol% P(OPh)s OI(Sp)-0-DPPF]

40 bar Ho/CO (1:1), THF :

R R R R O
3 syn-5

T t  conversion yield dr eet

entry R °C) (h) (%) product  (%)*  syn/anti (%)
1 Me 70 48 quant. 5a 90 88:12 >9¢
2 Et 70 48 quant. 5b 80 937 >9¢
3  i-Pr 70 48 95 5c 80 >982 >9&
4 t-Bu 90 72 61 5d 82 >99:1 >9%
5 CHTMS 60 96 56 5e 71 >99:1  >9%

alsolated yield after chromatographic workd®Determined by NMR
of the crude reaction mixturé Determined by HPLC after reduction to
the corresponding primary alcohols with NaBH Refers to major and
minor diastereomef Major diastereomer.Based on recovered starting
material.

Table 3. Desymmetrizing Hydroformylation of Bisallylcarbinol
0-DPPF Esters 4

[(Rp)-0-DPPF]
0O R

J I

1.8 mol% [Rh(CO),acac]
7.2 mol% P(OPh);

[(Rp)-0-DPPF]
40 bar Hy/CO (1:1), THF ¢ R0

4 anti-6
T t conversion yield dr® eec
entry R (°C)  (h) (%) product  (%)* anti/syn (%)
1 Me 50 215 91 6a 83 96:4 >9%
2 Et 50 21 83 6b 8% 955 >9%
3 i-Pr 60 24 81 6C 844 87:13 >9%
4 Ph 70 24 82 6d 9 946 9%
5 CHOTBS 50 16 quant. 6e 80 955 >9Y

a|solated yield after chromatographic workiDetermined by NMR
of the crude reaction mixturé.Refers to major diastereomérBased on
recovered starting materiéglDetermined by GC or HPLC after DIBAL
reduction to the corresponding 1,4-didls(see Scheme 3)Determined

by HPLC after reduction to the corresponding primary alcohols with NaBH

DIBAL reduction. In summary, with the aid of a chiral substrate-
bound catalyst-directing group, desymmetrizing hydroformylation
of bisalkenyl- and bisallylcarbinol derivatives could be achieved

Scheme 3. Removal and Recovery of the Catalyst-Directing
o-DPPF Group

1. HC(OMe)3, TsOH OH
5a MeOH, A A OMe + (Sp)-O-DPPFA
2. KOH/EtOH, A Me Me OMe
7 (92%) (74%)

1. HC(OMe)g, TsOH
6c MeOH, A

2. KOH/EtOH, A

i-Pr OH i-Pr OMe
: + (Rp)-0-DPPFA
e

8 (88%) (92%)
6a-d DIBALH W " (R,)-0-DPPFCH,OH
- _DIBALH : o
CH,Cly, 0 2

-78°C

9 (78-91%) (74-91%)

with excellent levels of stereocontrol. Removal and recovery of
the catalyst-directing-DPPF group is possible and gives access
to interesting chiral building blocks in enantiomerically pure form.
Furthermore, this stereoselective hydroformylation may be incor-
porated as a key step for synthetically interesting Tandem pro-
cesses:1?
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